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FOREWORD

The test described herein was conducted

under NASA Apollo Contract NAS 9-150.

This report was prepared by G. G. Davis

of the Wind Tunnel Test Group, Space and
Information Systems Division of North American

Aviation, Inc.
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ABSTRACT

This report presents test results of a O.02-

scale Apollo Force Model (FS-I) in the Ames
Research Center 2 x 2 ft. Transonic Wind Tunnel

at Mach numbers from .& to 1.35.

The standard force and moment coefficients

are presented in both tabular and plotted form

for launch escape system and command module config-

urations tested. In addition, tunnel operating

conditions, instrumentation, and configuration

description are included.

This report presents basic wind tunnel test

data only in order to ma_e the test results avail-

able at the earliest possible date. Analyses and

summary of results will be reported later under

separate cover.
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I. INTRODUCTION

Apollo force model, FS-I, was tested in the Ames Research Center 2 x 2 ft.

Transonic Wind Tunnel during the period l'_ July 1962 to 2& July 1962.

This test was to determine the aerodynamic characteristics of the launch

escape system and the command module alone in the transonic range. These data
will be correlated with data from the Ames ll x llWind Tunnel and the NAA

Trisonic Wind Tunnel (TWT).

A total of A18 acceptable data points were taken at six Mach numbers

ranging from O.A to 1.35 and Reynolds numbers from 0.92 x 1_blObased on the

command module diameter and tunnel operating conditions.

-1-
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II. MODEL DESCRIPTION

GENERAL

The model tested was a O.02-scale model of two launch escape system

configurations and of the command module alone.

Four command modules were utilized. They are identical except for the

angle between the model axis of symmetry and the centerline of the balance
cavity. The different balance cavity angles were used to obtain an angle of

attack range of -2 to +28 for the launch escape syssem, and -2 to +184 degrees

for the command module alone.

The model was designed and faoricated by North American Aviation. Refer

to Table 1 for a listing of the configuration components tested and pertinent

drawing numbers.

COMMAND MODULE

The command module configuration tested is shown in Fig. 1. The location

of the reference center of gravity and tower attach points are shown.

LAUNCH ESCAPE SYSTEM

The components that made up the launch escape system include the escape

motors, E23 and El2, and the tower structure, Tll. (See Figures 2, 3, and 4)

Table 1. Model Nomenclature

Szmbol Description Drawing No. Part Nos.

C Command Module NA7121-Ol071 -2, -3, -7, -10

E23 Escape Motor 7121-O1051 -1A, -33, -34,
-36, -_

El 2 ,, 7121-01051 -33, -34, -36
TII Tower Structure 7121-01051 -32

-2-
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III. INSTRUM2NTATION

FORCE MEASUREI_IENT

Force and moment data were measured with the Ames AI124DI 3/h" balance.

The balance was mounted on the A-11124D9 double joint sting. Variation of

angle of attack occured in the horizontal plane with the center of rotation
on the test-section centerline. A sketch of the model installation is shown
in Figure 5.

An eight channel automatic strain-gage recorder was employed to indicate

and record the data. These data were then transferred to punch cards and
reduced to coefficient form by automatic data processing equipment.

PRESSURE M_ASURE_NT

Pressure measurements were taken at the end of the sting closest to the

base of the model to assist in the correlation of data from one sting angle
(@) to data of another sting angle for the same angle of attack. No correc-

tions were made to force and moment data presented in this report.

-7-
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IV. OPERATING CONDITIONS

MODEL ATTITUDES

The angle of attack range for the launch escape system was from -2 to
+28 degrees and from -2 to 18_ degrees for the command module alone. The

complete range is given in Section V.

FLOW CONDITIONS

The following conditions indicated are for tunnel clear operation.

Mach Number

Reynolds No. x lO-6
Based on Command

Module Diameter

O.h

0.7

0.9

1.1
1.2

1.35

1.078

IT

H

Tt

.92h

-9-
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DATA REDUCTION CONSTANTS

The following data reduction constants were used for the FS-1 test:

Reference Area = S = 7._506 in2 = .O517 ft2

Reference Center of Gravity Location:

Command Module Alone

x = 2.11 inches measured from the apex towards the heat shield,

along the axis of symmetry.

z = 0.1817 inches below axis of symmetry.

Launch Escape System

x = 0.972 inches from the apex, towards the heat shield,

measured along the axis of symmetry.

z = 0.136 inches below the axis of symmetry.

DATA NOMENCLATURE

General

q

S

d

P..

Pb

Cpb

0

X

Z

Free-stream Mach number

Angle of attack of model axis of syn_.etry (zero for apex forward),

degrees

Free-streamdynamic pressure, lbs/ft 2

Model reference area, in2

Model reference diameter, in

Free-stream static pressure, lb/ft 2

Balance cavity pressure, lb/ft 2

Balance cavity pressure coefficient, Pb-P_ /q

Angle between balance axis and model axis of symmetry, degrees

Distance from apex to reference center of gravity, measured along

the axis of symmetry, inches

Perpendicular distance from axis of symmetry to the reference center

of gravity, inches

- 12 -
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Stability System of Axis with Origin at Center of Gravity

CL Lift coefficient, Lift/qA

CD Drag coefficient, Drag/qA

_c.g. Pitching-m_ment coefficient, Pitching moment/qAd

L/D Lift-to-Drag ratio CL/CD

Body System of Axes with Origin at Center of Gravity

CA Axial-force coefficient, Axial force/qA

CN Normal-force coefficient, Normal force/qA

Body System of Axes with Origin at Command Module Projected Cone Apex

CmA Pitching-moment coefficient, Pitching moment/qAd

Xcp/d Center-of-pressure location measured from the apex along axis

of symmetry, x/d + Cmc.g .- E/d (C#CN)

- 13 -
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VI. tLESULTS

Tabulated data from this test are presented in Appendix A, and plotted

data are presented in Appendix B. The discontinuities apparent in the plots

(see figures 13a-f, l_a-f) at M = ._ and M = .7 for the command module occur

when the angle of attack changes from 69 to 70 degrees. At 69 degrees the

flow is separated from the heat shield. At 70 ° the flow becomes attached to

the heat shield resulting in a decrease in base pressure effecting the force

the moment coefficients as shown in the figures.

NOTE: Where the data do not show a definite trend, or there is a lack

of data or the data contain obvious errors, portions of the curves have

been faired using previous data as a basis for the fairing.

^^ |I i'l i'_ r S 11"i_ _L I
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Symbol

CL

CD

Cmc .g.

CA

CN

L/D

cPo

o(

CmA

xcet/D

TABULATED DATA NOMENCLATURE

Definition

Lift coefficient

Drag coefficient

Pitching moment coefficient about the center of gravity

Axial force coefficient

Normal force coefficient

Lift drag ratio

Base pressure coefficient

Angle of attacK, megrees

Pitching moment coefficient about the apex

Center of pressure, measured from apex along axis of symmetry

A-3
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